
EXHIBIT E 



o9 • Declaration Exhibit E 



Human Estrogen Receptor Ligand 
Activity Inversion Mutants: 
Receptors That Interpret 
Antiestrogens as Estrogens and 
Estrogens as Antiestrogens and 
Discriminate among Different m 
Antiestrogens f 



Monica M. Montano, Kirk Ekena, Kristopher D.. Krueger, 
Anne L. Keller, and Benita S. Katzenellenbogen 

Department of Molecular and Integrative Physiology 
(M.M.M.. K.E.. K.D.K., A.L.K.. B.S.K.) 
Department of Cell and Structural Biology (B.S.K.) 
University of Illinois 
Urbana, Illinois 61801 



The estrogen receptor (ER) is a transcription factor 
whose activity is normally -activated by the hor- 
mone estradiol and inhibited by antiestrogen. It has 
been found that certain mutational changes in the 
activation function-2 region in the hormone-bind- 
ing domain of the human ER result in ligand activity 
inversion mutants, /.e. receptors that are now ac- 
tivated by antiestrogen and inhibited by estrogen. 
The ER point mutant L540Q.is activated by several 
antiestrogens (the more pure antiestrogens ICI 
164,384 and RU 54,876 or the partial antiestrogen 
trans-hydroxytamoxifen) but not by estradiol. The 
presence of the F domain and an intact activation 
function-1 in the A/B domain are required for this 
activity, as is the DNA-binding ability of the recep- 
tor. This inverted ligand. activity is observed with 
several estrogen-responsive promoters, both sim- 
ple and complex; however, the activating ability of 
antiestrogens is observed only in some cells, high- 
lighting the important role of cell-specific factors in 
ligand interpretation. The introduction of two addi- 
tional amino acid changes close to 540 results in 
receptors that are still not activated by estradiol 
but are now able to distinguish between partial 
antiestrogens (which remain agonistic) and pure 
antiestrogens (which show a greatly reduced stim- 
ulatory activity). These ligand activity inversion mu- 
tants remain stable in cells in the presence of the 
antiestrogen IC1 164,384, as does a related ER mu- 
tant receptor that shows the normal, wild type ER 
ligand activity profile in which ICI 164,384 is tran- 
scriptionally inactive. Thus, the "presence of ade- 
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quate levels of mutant ER may be necessary but 
not sufficient for IC1 164,384 to elicit transcriptional 
activity. These findings highlight the means by 
which, the carboxyl-terminal region in domain E 
functions to interpret the activity of a ligand, and 
they demonstrate that rather minimal changes in 
the ER can result in receptors with inverted re- 
sponse to antiestrogen and estrogen. Such point 
mutations, if present in estrogen target cells, 
would result in antiestrogens being seen as growth 
stimulators, rather than suppressors, with poten- 
tially detrimental consequences in terms of breast 
cancer treatment with antiestrogens. (Molecular 
Endocrinology 1 0: 230-242, 1 996) 



INTRODUCTION 

The estrogen receptor (ER). a member of a large nu- 
clear hormone receptor superfamily. binds steroidal or 
nonsteroidal ligands and functions as a hormone- 
activated transcription regulator. The ER, like other 
members of this receptor superfamily, has two do- 
. mains thai have been highly conserved during evolu- 
tion, domains involved in DNA binding and hormone 
binding. Deletion and mutational analysis has enabled 
the mapping chour important functions of the recep- 
tor, namely, ligand binding, dimerization. DNA binding, 
and transcription activation. The amino'-terminal A/B 
region of the receptor exhibits a hormone-indepen- 
dent transactivation function; the central region (do- 
main C) is principally invblved-in-reeeptor DNA inter- 
action; and the carboxyl-terminal domains (E/F) are 
structurally .and functionally complex and contain 
hormone/antihormone binding,, dimerization. and 



230 



ER Ugand Activity inversion Mt 



231 



hormone-dependent transactivation functions. (For re- 
views, see Refs. 1-4). Upon binding estrogen, the 
receptor binds to" estrogen response element (ERE) 
DNA, often located in the 5*-flanking region of estro- 
gen-responsive genes. The estrogen?occupied recep- 
tor is then thought to interact with transcription factors 
and other components of the transcription complex to 
modulate gene expression (5). 

The actions of estrogens are antagonized by anties- - 
trogens. which bind to the ER in a manner competitive 
with estrogen, but 'ail to effectively activate gene tran- 
scription. Antiestrogens vary in their biological actions. 
Certain ones such as tamoxifen (used widely in the 
treatment of hormone-dependent human breast can- 
cer and uterine cancer) act as partial agonists/antag- 
onists, with the degree of agonist or antagonist activity 
dependent upon the cell type and promoter context 
(£-8). Other antiestrogens. such as ICI 164,384, ICI 
182,780, and RU 54,876 appear to be more pure/ 
. complete antagonists (9-1 1 ). 

Several groups have reported that ER-antiestrogen 
complexes differ from ER-estrogen complexes in re : 
ceptor conformation. DNA binding, and recruitment of 
"transcription factors necessary to effectively activate 
gene transcription (12-19). These data suggest that 
the hormone and antihormone complexes display dif- 
ferent conformations, which are dependent on the 
nature of the ligand. Presumably, the transcription 
apparatus reads, an antiestrogen-receptor complex 
differently from an estrogen-receptor complex, a pro- 
cess that may involve the interaction of factors exclu- 
sive for one complex or the other. Nevertheless, the 
precise molecular mechanism of action of antiestro- 
gen vs. estrogen remains unclear. 

In our studies examining structure-activity relation- 
ships in the ER that involve identifying residues in the 
hormone-binding domain (HBD) important for ligand 
binding and transactivation functions o? the receptor, 
we have been particularly interested in understanding 
the mechanisms by which the ER discriminates be- 
tween estrogen and antiestrogen ligands. Site- 
directed mutagenesis of selected residues in the ER 
and region-spec.fic chemicaf mutagenesis of the ER 
HBD enabled us to identify a region close to the C 
terminus of domain E, near C530, that appears to be 
important in hormone-dependent transcription activa- 
tion and the discrimination between estrogens and 
antiestrogens (3. 20-22). Studies of Pakdel and 
Katzenellenbogen (21) and Danielian ef a/. (23) have 
shown that altering selected amino acids near C530 
changed the binding affinity for estrogens but not for 
antiestrogens. In addition, we have reported on sev- 
eral ER mutants with alterations in the carboxyl-te'rmi- 
nal portion of the HBD that were transcriptionally in- 
active with E 2 , yet bound hormone and also functioned 
as potent dominant negative ERs. efficiently suppress- 
ing the activity of wild type ER occupied by E ? (24, 25). 

In studies reported here, we show that one of these 
dominant negative ERs. which is transcriptionally in- 
active in response to E 2 . can be activated by anties- 



trogen in some cell contexts. Surprisingly, antiestro'T 
gen-stimulated transcriptional activity of this L540O * 
receptor .is suppressed by estrogen, indicating that 
this mutant shows switched or inverted ligand activity. 
We present data on the roles of activation functions-1 
and -2 (AF-1 and AF-2, respectively) and the role of 
domain F of the ER in this antiestrogen stimulation and 
also provide data showing that further changes of 
amino acids near leucine 540, in the AF-2 region, 
-enable the receptor to discriminate between the pure 
and partial agonist/antagonist catepories of antiestro- 
gen. Such .mutations, if naturally occurring in breast 
tumors, could explain generalized antiestrogen resis- 
tance as well as tamoxifen resistance, yet sensitivity to 
" more pure antiestrogens' such as ICI 164,384. 



RESULTS 

The ER Mutant L540Q Shows an Inverted 
Response to Ligands and Is Transcriptionally 
Activated by Antiestrogens but not Estradiol 

We have shown previously that the ER point mutant 
L540Q is transcriptionally inactive in response to es- 
trogen and that it further acts as a potent dominant 
negative ER, inhibiting the activity of the estradiol- 
occupied wild type ER when both proteins are ex- 
pressed in the same cells (24, 25). Shown in Fig. 1A is 
the fact that, as reported previously, the L540Q ER.is 
incapable of being activated by E 2 , although it binds 
E 2 with wild type affinity (24). Interestingly, we observe 
that although this mutant is not transcriptionally active 
with E 2 . it can be stimulated by either the partial an- 
tiestrogen frans-hydroxytamoxifen (TOT) or the pure 
antiestrogen ICI 164,384 (Fig."1. B and C). 

In these studies (Fig. 1), an ER-negative human 
breast cancer cell line, MDA-MB-231, was transfected 
with an estrogen-responsive reporter construct, 
(ERE) 2 -pS2-CAT, along with an expression vector for 
wild type (wt) ER or the L540O mutant ER. Cells were 
then monitored *" sr chloramphenicol acetyluansferase 
(CAT) activity after treatment with varying concentra- 
tions of E*. TOT. or ICI 164,384. Shown in panel A is 
the fact that the wt ER exhibits strong (200-fold) tran- 
scriptional activation by E 2 . TOT evokes a weaker, 
dose-dependent stimulation of the wt ER that reaches 
a level approximately 20% that of E 2 (panel B); and the 
• pure antiestrogen IC1 164.384 shows no stimulation of 
wt ER at any concentration tested (10~ 10 m to 10~ 7 m; . 
panel C). 

By contrast, the L540O mutant ER exhibits an un- 
usual phenotype — the ability to respond to both an- 
tiestrogens but not to E 2 . While E 2 was not able to 
stimulate transcriptional activation of L540Q ER. TOT 
showed stimulation of the L540Q receptor similar to 
tnat observed with wt ER; and-ICI 164,384, while not 
able to activate, wt ER. stimulated transcriptional ac- 
tivity of L540O from the reporter plasmid (ERE) 2 -pS2- 
CAT to levels 22% of that achieved with the wt ER in 
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Fig. 1. L540Q ER Responds to Both Partial and Pure Antiestrogens but Not to E 2 

The response of wt ER and L540O ER to E a . TOT, and ICI 164.384 was determined in 231 cells. Cells were transfected with 
the (ERE) 2 -pS2-CAT reporter plasmid. either with wt or L540Q ER expression vector and a 0-galactosidase internal reporter to 
correct for transfection efficiency. They were then treated for 24 h with varying concentrations of E 2 (panel A). TOT or (panel B). 
or ICI 164 334 (panel C). Cell extracts were prepared and anaiy2ed for 0-gaiactosidase and CAT activity as described in Materials 
and Methods. In certain cases (panels B and C) cells were transfected with the (ERE) 2 -pS2-CAT reporter plasmid contain.ng a 
mutated AP-1 site ((ERE) 2 -pS2(AP-1 mut)-CAT]. or with the empty expression vector missing the ER cDNA (cmv5; panel B). or 
with an expression vector for the L540O ER lacking the ability to bind EREs (DBD-L540Q). Transcriptional activation is reported 
as fold stimulation over the basal level of CAT activity in cells transfected with the reporter plasmid only, which is set at 1. Values 
are the means and range from two separate experiments. If error bars are not shown, they were smaller than the symbols. 



response to E 2 . We observed a similar stimulation of 
transcriptional activity of L540O in the presence of 
another pure antiestrogen, ICI 182.780 (data not pre- 
sented). The response of L540O to the antiestrogens 
TOT and ICI 164,384 occurred in a dose-dependent 
manner, with half-maximal stimulation occurring for 
TOT and ICI 164.384 at 0.5 nM and 1.9 nM, respec- 
tively, reflecting the different relative binding affinities 
of these ligands for the ER (26. 27). 



Since putative binding sites for AP-1 have been 
identified within the backbone of small pUC plasmids, 
and it has been shown that TOT can have regulatory 
effects on transcription through AP-1 sites in some 
cells (28), we repeated the experiments with the re- 
porter plasmid (ERE) 2 -pS2-CAT in which we "mutated 
the AP-1 site, denoted (ERE) 2 -pS2(AP1 mut)-CAT. As 
shown in panels B and C. the response to both TOT 
and ICI 164,384 was maintained, indicating that the 
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AP-1 site is not responsible for the transcriptional 
effect. 

We also tested the ability of a further modified form 
of the L540Q receptor to stimulate transcriptional ac- 
tivity Mutant L540Q lacking the ability to bind es- 
trogen response element (ERE) DNA, denoted DBD- 
L540Q was generated and found not to respond to. 
any concentration of TOT or IC! 164,384 (Fig. 1. B 
and C). Likewise, cells transfected only with the 
empty expression vector (pCMVS. lacking the 
L540Q ER cONA) showed no transcriptional activity 
(Fig. 1B). These findings indicate that transcriptional 
activation of L540O by the antiestrogens TOT and 
ICI 164,384 is most likely mediated via receptor 
binding to ERE DNA. 

E 2 Is Able to Suppress the Transcriptional 
Activity of the L540Q ER Elicited by 
Antiestrogens 

Since we have shown that the mutant L540Q is able to 
bind E 2 with wild type affinity without being stimulated 



by it (20); we examined whether Ihe transcriptional"" 
activation of L540O by ICI 164.384 and TOT could bf?. 
. inhibited by E 2 . As shown in Fig. 2, E 2 showed a 
dose-dependent repression of TOT-mediated (pane! 
A) and ICI 164,384-mediated transactivation by L540O 
(panel B); 50°/o repression was achieved at about 1 0 " 8 
m E 2 (-10-fold less E 2 than TOT or ICI 164,384). Thus 
the L540O mutant shows a reversed or.inverted ligand 
transcriptional response to antiestrogens vs. estrogen 
when compared with the wt ER. 

Assessment of Promoter Specificity in the 
Inverted Ligand Activity Response of the 
L540O ER 

Since "it is well known that the ER shows cell and 
promoter specificity in the activation of gene transcrip- 
tion (e.g. Refs. 6-8). we examined the transcriptional 
activation of other gene constructs, namely (ERE) 2 - 
TATA-CAT, containing a simple promoter, and (ERE) 2 - 
PR r 0 Kim«i-CAT f containing the complex progesterone 
receptor'gene proximal promoter. As was observed in 
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Fig'. 2. Repression of Antiestrogen-Sttmulated Transcriptional Activity of L540O ER by E 2 n *i Ar m*\dAse 

231 Ce.-s' were transfected with «he ,ER E , } .pS 2 -CAT reporter plasmid. **^™*™^^j£ y 
internal reporter to correct for transection eff.oency. They were then treated lor 2< i h with ^ 10 M TOTor (B) 0 m IU 1 e i 38 
and varying concentrates of E,. Cell extracts were p-epared and analyzed tor 0-ga.actos.dase and CAT act.v.ty as descr.Deo 
•n Materials and Methods. Values are the means and range from two separate experiments 
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Fig. 1 for the estrogen-responsive pS2 promoter- 
containing reporter gene construct, wl ER showed 
stimulation in response to E 2 but not in response to ICI 
1 64,384 (Fig. 3. A and B). The L540O ER failed to show 
transcriptional activity in response to E 2 . but ICI 
164,384 evoked transcriptional activity with both the 
TATA and the progesterone receptor gene promoters 
*to levels that were approximately 20-30%. that ob- 
served for E 2 stimulation of wt ER (Fig. 3, A and B). 
Therefore, the ability of ICI 164,384 but not E 2 to 



stimulate L540O activity was also evident with these 
different promoter constructs. " 

Relative Rotes of AF-1, AF-2, and the F Domain in 
the Transcriptional Response of the L540Q 
Receptor to Antiestrogens 

The partial agonistic activity of. tamoxifen is believed to 
be correlated with the activity of AF-1, located in the 
A/B .domain of the ER (6). We have previously shown 
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Fig. 3. Examination of Promoter Specificity in the Magnitude of Antiestrogen Stimulation of the L540O ER 

The response of wt ER and 1540O ER to E, and ICI 164,384 was determined in 231 cells transfected with (A) (ERE) 2 . TATA-CAT 
or (B) (ERE) 2 .PR 0 . 0 ,^ a ,-CAT reporter plasmids. either with wt ER or L540O ER. expression vector, and a 0-galactosidase internal 
reporter to correct for transfection efficiency. Tney were then treated for 24 h with 10' 9 m E 2 or the indicated concentrations of 
ICI 164.384. Cell extracts were prepared and analyzed for 0-ga!actosidase and CAT activity as described in Materials and 
Methods. Transcriptional activation is reported as fold stimulation over the basal level of CAT activity in cells transfected with the 
reporter piasmid only, which is set at 1. Basal CAT activity was the same for the L540O and wt ER. Values are the means and 
range from two separate experiments. 
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. : Fig. 4; Point Mutations in the KB Domain and Deletion of the F Domain Decrease the Agonistic Act.vity of Both Partial and Pure 
Antiestrogens with the L540O ER. ^ „ ( . . ... 

' ■ The response of wt and mutant ERs to E,; TOT, and IC1 164.384 was determined in 231 cells. Cells were transfected with the 
^^(ERE),-pS2-CAT reporter plasmid. either witn wt ER or. mutant ER expression vector, and a 0-galactos.dase internal reporter to 
" -"-correct for transaction «ff«ie^y. They were then treated for 24 h with E, (10--M). TOT (10- 7 m). or ICt 164.384 (10"'.*). CeU 
^ ^ extracts" were prepared and analyzed for p-galactosidase and CAT act.v.ty as described in Materials and Methods. Transcriptional 
C-i.activat.on is reported as fold stimulation oyerjhe basal level of CAT activity in cells transfected .with the reporter plasm.d only. 
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Fig.'S. Point Mutants in the AF-2 Region with Differential Response to Partial and Pure Antiestrogens 
The response of the point mutant L540O. the triple amino acid mutant L540O. E542A. 054 5 A, and the double amino acid 

mutant ES42A. 0545A to E,. TOT. ICI 164,384. and RU54.876 was determined in 231 cells. Cells were transfected with the 
. (ERE),-pS2-CAT repoher plasmid. either with 1540O.ER or L540O. E$*52A. DS4SA ER expression vector, and a /J*galactosidase 
- internal reporter to correct for transfectibn efficiency. They were then treated for 24 h with E, (10 " fl m). TOT (1.0' 7 m). ICI 1 64,384 _ 

(10* 7 m). or RU 54.876 (10 ' wj Cell extracts were prepared and ana'yzed for 0-gaiactosidase and CAT activity as described in 

Materials and Methods. ..Values are the means and range from two separate experiments. . " .. v-- ' 
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' tiestrbgens as estrogens, and E 2 . being able to bind to 
my some . ^ * -ithls mutant ER but unable to activate transcription (20.; 

^^^^^$^i&^^^^^2^^ 'suppress the stimulation by" antiestrogen. Our „ 

additiona V P^urtatio ns of 

J ^bv^ctivatSn^y antiestrogens; we ^nearby amino acids in the AF -2 reg.on o E^wlt . 
y? r •« . „ -v: in receptors that are able to discriminate among dif- 

ferent antiestrogens. The triple point mutant receptor 
L540Q. E542A, D545A is not activated by the pure 
antiestrogen IC1 164,384 and is only weakly stimulated 
by the antiestrogen RU 54.876. but it still retains its 
agonistic, stimulatory response to TOT, This L540O. 
E542A, D545A triple mutant receptor is, to the best.of 
our knowledge, the first ligand discrimination point 
mutant of the ER capable of discriminating among 
-.different antiestrogens. Thus, the interpretation of a 
compound as being an agonist or antagonist of a 



ceptor, ...... 

examined jthe^yeis}of theU540O protein in cells 
r*?-'T treated -with^ ICI 164.384/ 

v/w ± TOT, or Easing Western blot analysis. A slight in- 
crease inihe levels of L540O mutant ER was observed 
\ in response to ICI 164,384 (at 10" 7 m or 5 x 10' 7 m) 
compared with the levels of L540O in 231 cells treated 
w;:h control vehicle only (Fig. 6); In these experiments. 
- ceils containing wt ER and treated with 1 x 10" 7 m ,ci 
. 164.384 exhibited the expected decrease in ER pro: 
' 4 tein level. Therefore, the L540O protein appeared to be 



resistant to the usual ER destabilizing effects of ICI ww...^ - - 

: increase in L540O levels in response to -^biological response is st ^^^^^ 

| :,a 164.384 was also observed in CHO cells (Fig. 6)_- -ture of Jhe receptor, namely, whether it is variant. or 



and is. therefore, a generalized phenomenon for this 
particular mutant protein. However, the transcriptional 
response to ICM'64,384 observed with L540O in 231 
cells was not obtained in CHO cells (Table 1). Thus, the ; 
agonist activity of ICI. 164.384 that is mediated by 
L540O ER in some ceils appears to require cell-spe- 
cific factors and is not simply a consequence of the 
/stability /'of ""this mutant Er^ in ' the presence of JCI 
164.384." " : V 7. ^ 
Analysis of ER levels by . immunoblot (Fig. 6) also 



^ wild type. 

This laboratory .has had a longstanding interest in 
>; : the identification and analysis of ligand discrimination 

• ^mutants of the ER. Previous studies by us (3, 20. 21) 
"using site-directed and random chemical mutagene- 

- : sis with screening in yeast and mammalian cell sys- 
. terns, identified several critical regions in the HBO in 
:I -which changes resulted in receptors altered in their 
: estrogen/antiestrogeh binding and transcriptional ac- 

• _ tivation. documenting that the ER itself clearly can 



discriminate between these two categories of ligands. 
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affipg^ ER in the presence^ 

ige^540Q, : feceptbr^is:not perfect "for full transcript 

With ,thbse^of£ ; 

MabfotWii^ stimulation by'an-S' 

l^toge^pf roughly -similar to * 



— -^^^^ such that they are not turned over rap- 

^ ^^^"^ p ^ x ®^ of TOTr --"idly in the presence ofjci 164.384. Related leucine 

^^'ir. ^ . — - - "mutations in the mouse ER have also been reported 

■to remain stable in the presence of IC1 164,384 (39). 
However, we show that the transcriptional activation 



3*^^ receptor missing the F 




fdornain/and^ but not E 2 . stimulatory 

'■f-iactivlty^lh 'the~^^ER~witft"its F domain deleted, indi- ~ 
X cafes .that the response to the antiestrogens depends 
'^ori>rnntactT.Y^i6a^ _•: . ^ : 

-v: Remarkably. L540O response to E 2 could be re- : 
stored by removal of the F domain. This highlights 
, that the F domain has the potential to play an im- 
... port ant role ir\rnaintaining or regulating the confor- 
v mation of .the !AF-2 ''legion, which includes amino 

acid 540. in a way that affects ligand response. The " 
: complete" lack" of responsiveness of the L540O re- 

ceptbr to E a is appareoUy enforced by domain F, as - - 
.yts deletion restores lranscriptional responsiveness. - 
:=3 n !?Jr*'^-!?^©re^ evidence that : 

this region is important in . interactions with ER*as- : ; 
: sociated proteins (35-38) that may function as tran- 

; scripti6nal coactivators. .J j . . . . 

.1 Using several different promoters.- we have ob- 
served inverted or reversed ligand discrimination by. 
. ; the L540O and L540O. E524A. D545A mutant ERs. 
: ^thpi^r)jcu64 TOT evoked substantial ag- ■ 

: omstic; activity on the three different promoters exam- " 
: ined/the activity was maximally only about 25-30% of 



- of the L540O receptor by ICI 1 64,384 appears not to 
^ be due solely to the stabilization of the receptor but 

appears to require cell-specific factors in addition: ' 
-• This is indicated by our experiments conducted in 

- CHO cells, wherein no activation of L540Q in the 
presence of IC1 164.384 was obtained (fable 1) de- 
spite the stabilization of the L540O receptor and its 
failure to be turned over rapidly by ICI 164,384 (Fig. 

,6). Also, the fact that "the E542A, D545A double 
mutant remains stable in the presence of ICI 
-: : l64.384, but is not transcriptionally activated by this 
I ligand. indicates that the presence.of the mutant ER 
:' protein may be necessary but is clearly not sufficient^ 
"-to elicit ICI 164.384 agonism. 

The C-terminal region of ER. which we have shown 
to be important in cell-specific ligand interpretation, is 
a region that is highly conserved across the nuclear 
receptor superfamily (32). Therefore, it is of note that 
-^alterations in this region in the glucocorticoid receptor 
and progesterone receptor have been found to affect 
-discrimination between hormone and antihormone li- . 
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MATERIALS AND METHODS 



Chemicals and Materials 



Cell culture media were purchased from GIBCO (Grand Is- 
land NY) Calf serum was from Hydone Laboratones (Logan. 

"ud ^*cH™-£v^?«*™ c * - Co - - Lo ^!- - M0) ; 

Rad~i6inert 170-estracliol was obtained from S<gma Chemical 
^^^^J^^^nn^^^ .and. fdichloroacetyl-.. 

^SK^i*^^^" "-- -3»V'.>. r^iWT/iTiu.ro nroutded bv Alan.Waneling 



-■ami- 

jomaln: 



|j|nlSrSls^^ 
^Smeraseandlhelaenow 



nuioi.f'was generated by random chemical mu-. 

rdeiCTl^P^O"S^t 20 ' : ^ er;iF rnuta, ? t hER 
Id'rwiit'eKlifected mutagenesis as described 
a%fc>fe'p'hbiylation'mutanuSl04A/Siq^ 
i!so"generated by site-directed mutagenesis as 
described previously "(29)/ Both wt and ™tant*Rs^ "ere 
^ subcloned intp thee-jkaryotic expression vector pCMVo as 

r described previously {20). - ->f -? •■- -- . - r ■ 
si04A/S106A/S118A-.iF,was constructed J>y. digesting 

'-i-tince; or even tamoxifen;Stim U lat.on v :pf breast tu- « - ^^^^ffS^ti by ligating the. two. inserts 
timors that are observed under long-term tamoxifen - - = om ^ Hin<imNon digest of Si04/S106A/S118A into the 
• exposure in experimental tumors and possibly in HM\^gt^V^.^^^^^^^^ 
^m^&efclHese;types.of ™ta«ons mighty, ^J*^ 

- explain the' benefit sometimes observed upon ta- \ . ' pan»a«y °'9 e5lcu * ....w.u^m^i^n^nt^f 



moxifen withdrawal in some women .who have been 
taking tamoxifen (42. 43). A'so. receptors like the; : 
triple mutant L540Q. E542A. D545A could explain., 
the phenotype of tamoxifen resistance yet sensitiv- 
ity to suppression by the more pure antiestrogen ICI 
■ .164,384 (44). Certainly, however ^ future^ studies will : 
be ne^eded to determine whether such , mutations do 
Toccur naturally in some breast tancers. 
- The studies reported here" highlight that the 'inter- .. 
rpretation r^^honnone/eceptor corpplex depends 
: critically on the nature of the ligand and the receptor 
~- While the ER itself can discriminate between estrogen 
. and antiestrogen and can distinguish among different 
- antiestrogens, the consequence of this ligand discrinv 
ination depends on the ceil context, so.that . the b'5400 
^ 7ecept6rVxposecJ"t6'antiestrogen was transcriptionally 
■■• productive only in some, but not all. -cells. This sug- 
gests a critical rote'for' cell-specific factors and other 




was'^en^ 

l££FJ mutant ER with the Hindlll/Atort fragments of 
S104/S106A/S118A/T-* DNA binding deficient L540Q mu- 
tant D3D-L540O. was constructed by replacing the EagV 
Eagi fragment of L540O with the faol/Eagl frag men: of 
pCMV-hEG82 that contains three point mutotiory in < d oma.n 
C that render the ER unable to bind to. ERE DNA (46). 
C SSln.-t540O. E542A. 0545A ^^.^ 
were made by site-directed mutagenesis (47). 
ing the 1.8-kb BamHl ER-conta.n.ng fragment fwpCW- 
LIjOO or pCMV5-ER into the BamHl site of pBluewnpt II 
iKVcreating L540O-BSII-SK- (pKEIOI) and ER-BSII-SK 
IDKE109) The ES42A and D5*5A mutations were then eng.- 
nVeTed into L540O or wt ER by ^^^SS^ m 
(47). using the ol.gonudeot.des 5 -CCTGCAGCTCGCGAT. 
GCTAGCAGCCCACCGCCTAC-3* and 5 -GTAGGCGGT- 

containing fragments were then cloned back into pCMVS. 
^•ra^S PCMV5.L540O. E542A. D545A. and P CMV5- 
E5-J2A. D545A. ^ . 

Reporter Gene Constructs 

i responsive piasmid. (ERE) : -pS2-CAT. was con- 
described previously J48). To generate (ERE),- 



• . ...... . 



: : ;;>S2(AP1 hiutpCAT. we first mutated the API site (located . / ;-:3T3 mouse fibroblast cells we<e grown and transfected ex- 
.^.4abo*ut 300 bp from the stop codon of the gene for CAT) in ..<7*y actly as described (7). --• . . 
t :$Z?P^ w * s mad « by site^: ;; J ; %.AM. cells were harvested 24 h after hormone treatment and 

— -^^tiiricted^nutagenesis^jsi prepared*! 200 fil 250 min Tris pH 7 5'Osina 

v^^t^l^"^ cyclesV-^-Galactostdase activity was mea 

r .V. ■-:^^^A ; 3 , arinei]ed jo single-stranded i DNA generated fr om pTZ- £. A : sured (51) tonrwrmalize for transfection efficiency among 
^ "tk^AT uslhg^the fl origin of repficatipn that it contains. : \ plates. GAT assays were performed as previously described 



f at prc^es\eron^ej^oner gene was prepared § 

' ovided^g/Xiavtd Shapiro of the Unrversftyf o\ ' ? 
l-lp^wtPi^CMyp 3Ctonetech^Jo| 
=>/itA<n5&*$tg3a^^ 

Irj^r^r^ii^fjUin^ij 



jible-cdL^ from the cells byresus- 

pending "thVceU pe^ dish of cells in 200 >J 

yoi^y^^ 

|fQ£uc*tinc^«^^^ centrifugation af 1.4,000 x g. 

^-^^ gels under re- 

^ ^^^^^^ r ^^err^ from SOS gels 

^° J ?24S£S!!i ,, ^ e ^S^i^M^PAyesjem f immunbblot anal- 
siS;5^J^-ERj^^ described (20). 
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^ellswere J^knSromUiM^pilif 
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_5jt er sodium bicarbonate '^-MS ^niversity of Illinois. 524 Burrilj. Hall, 407 South "Goodwin 
te7^sbdium.;pyruvat^ Illinois 61801. 
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. r \ .;; ^1 ■ 3i'.r. cholera toxin/;Cells were then grown in DME/F12 supple- ">-'- to K. E.). ■ , ' - - -_ 

mented with :5%XOCS :for 5 days. MCF-1 OA "cells" were* - ..- ;. r . " . . ; . \ 

seeded for.transfection at3 x 10 e "cells per 1 00*mm dish in ^- " ' ~ ^. ' '\. ~ 

IMEM minus phenol red containing 5% CDCS and were given ' : 

fresh medium about 30 h after plating.. All media Included - - REFERENCES - - : -•- 
penicillin (100U/m!) and streptomycin (100 pQ/(nt);;~'r- : r i 7, ^ 7 : " ' " : 

^ 231 and MCF-10A cells were transfected by the CaP0 4 - " . 

coprecipitation method 16 h later with "2 m9 (ERE)j-pS2-CAT, 



r -10 m9 (EREJa-PRp^.^-CAT reporter plasmid, or_10 ^g' 
(ERE),-TATA-CAT. 100 $ig ER expression vector, 800 ^g 
... t . pCMVp ^-galactosidase internal control plasmid/and pT219 
r yv: carrier DNA. Cetls/emained in contact with the precipitate for 
,: 5 h and were then subjected to a 2.5*min glycerol . shock . 
* V (20% in IMEM minus phenol red plus 5°/o COCS). Cells were 
■V -rinsed with HBSS and jjiyen'Jresh media with or without 
^^ 0fm O n *^S':S;v'.i .1 ..... ■ .:"- r :^ 

in phenol-red free OME/F12 , 
. x "tissue culture medium supplemented with 1 0% charcoal dex- "i 
~ tran-treated FCS (COFCS); 100 U/ml penicillin (GlBCO), and 
T 100 pg/mi strepTomycin (GIBCO). They were plated at 1.8 x 
; v. 10 5 ceils per 60-mm dish, maintained at 37 C in a humidified 
C0 2 atmosphere for .48 h, and transfected by calcium . 
- phosphate coprecipitation method (51). In transactivation as- . 
. *«ys. 60-mm plates were treated with 0.4 ml of DNA precip- 
itate containing 1 M g (ERE),-pS2-CAT or 1.6 m9 (ERE) 2 - 
^ : TATA-CAT reporter piasmid. 0.2 Mg pCHi 10 0 : galactosidase 
//Iby 0 ^ 1,0 * 1 control^pi.asmid. 2 ^g ER expression vector, and 6.2 
.^f P TZ carrier DNA. In all cases, cells remained in contact 
V. with the precipitate for 12-16 h and were men subjected to a 
VT"2-min glycerol shock r20% glycerol in HBSS). Plates were 
-i^^Osed. given 4 mi fresh media, and treated with hormones. i 
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